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ABSTRACT 

The AAP l u n a r  module (LM-A) w i l l  be  u s e d  as a 
c a r r i e r  and  o p e r a t i o n s  base for t h e  A A P  ATM expe r imen t  on 
a 56-day,  e a r t h  o r b i t  m i s s i o n ,  a u s e  much d i f f e r e n t  f rom 
t h a t  f o r  which i t s  p r e d e c e s s o r ,  t h e  Apo l lo  l u n a r  module ( L M ) ,  
was d e s i g n e d .  The m i s s i o n  d i f f e r e n c e s  a f f e c t  t h e  LM-A 
t h e r m a l  c o n t r o l  sys t em.  

For t h e  most p a r t ,  t h e  p a s s i v e  p o r t i o n  o f  t h e  LM 
t h e r m a l  c o n t r o l  s y s t e m  i s  a d e q u a t e  f o r  t h e  A A P  e n v i r o n m e n t .  
H i g h e r  c i s / €  c o a t i n g s  have been chosen  t o  min imize  heat  l o s s  
d u r i n g  t h e  i n h e r e n t l y  c o l d e r  m i s s i o n .  RCS plume d e f l e c t o r s  
have  been  added t o  p r o t e c t  t h e  ATM s o l a r  a r r a y s .  The thermal  
s k i n s  have been  changed t o  accommodate d i f f e r e n t  plume 
impingement  p a t t e r n s .  

The a c t i v e  p o r t i o n  o f  t h e  LM t h e r m a l  c o n t r o l  sys t em 
has b e e n  m o d i f i e d  e x t e n s i v e l y .  An e x t e r n a l  r a d i a t o r  s y s t e m  
w i l l  be  u s e d  f o r  waste hea t  r e j e c t i o n  d u r i n g  ATM da ta  t a k i n g  
p e r i o d s .  Numerous changes  t o  t h e  e n v i r o n m e n t a l  c o n t r o l  
s y s t e m  (ECS) a l s o  i n f l u e n c e  t h e  a c t i v e  t h e r m a l  s y s t e m  d e s i g n .  
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I n t r o d u c t i o n  

The A A P  Lunar  Module (LM-A) i s  a d e r i v a t i v e  o f  t h e  
A p o l l o  Lunar  Module (LM), which w i l l  u s e  a m o d i f i e d  a s c e n t  
s t a g e  as a c a r r i e r  and  o p e r a t i o n s  base f o r  t h e  A A P  ATM e x p e r i -  
men t .  The A A P  LM-A m i s s i o n  d i f f e r s  c o n s i d e r a b l y  from t h e  Apo l lo  
Lunar  M i s s i o n  i n  t o t a l  m i s s i o n  d u r a t i o n ,  i n  e x p e c t e d  e x t e r n a l  
e n v i r o n m e n t ,  and  i n  t h e  ATM o p e r a t i o n s  t h e  LM-A must  s u p p o r t .  (132) 
Numerous m o d i f i c a t i o n s  have  been  n e c e s s a r y  to a d a p t  t h e  LM t o  t h e  
new r e q u i r e m e n t s  imposed by  t h e  ATM m i s s i o n .  Some o f  t h e  changes  
t o  t h e  e x t e r n a l  c o n f i g u r a t i o n  a re  a p p a r e n t  f rom a compar ison  o f  
F i g u r e s  1 and 2 .  

We a r e  conce rned  h e r e  w i t h  t h e  t h e r m a l  d e s i g n  o f  t h e  
LM-A. From t h i s  v i e w p o i n t ,  t h e  approach  h a s  been  t o  u t i l i z e  
t h e  b a s i c  A p o l l o  LM t h e r m a l  c a p a b i l i t y  t o  i t s  f u l l e s t  e x t e n t ,  
m o d i f y i n g  t h e  d e s i g n  o n l y  as r e q u i r e d .  Al though t h e  changes  
have  b e e n  e x t e n s i v e ,  p a r t i c u l a r l y  t o  t h e  a c t i v e  p o r t i o n s  o f  t h e  
t h e r m a l  c o n t r o l  subsys t em,  much of  t h e  b a s i c  t h e r m a l  d e s i g n  
p h i l o s o p h y  for t h e  A p o l l o  LM has b e e n  i n h e r i t e d  b y  t h e  LM-A. 
The  LM d e s i g n  a p p r o a c h ,  t h e  new r e q u i r e m e n t s  imposed b y  t h e  
A A P  m i s s i o n ,  t h e  t h e r m a l  envi ronment  o f  a n  e x t e n d e d  e a r t h  o r b i t  
m i s s i o n ,  and t h e  r e s u l t i n g  changes t o  t h e  b a s i c  A p o l l o  v e h i c l e  
p r o v i d e  a framework to d e s c r i b e  t h e  LM-A Thermal  C o n t r o l  Sub- 
s y s t e m  as p r e s e n t l y  b a s e l i n e d .  

The i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  d e s c r i p t i o n  i s  
based on p r e l i m i n a r y  r e p o r t s  o r i g i n a t i n g  from Grumman A i r c r a f t  
and  E n g i n e e r i n g  C o r p o r a t i o n  ( G A E C ) .  Changes may o c c u r  a t  t h e  
P r e l i m i n a r y  Des ign  Review (PDR) s c h e d u l e d  i n  O c t o b e r ,  as t h e  m i s s i o n  
r e q u i r e m e n t s  c o n t i n u e  t o  e v o l v e ,  and  as t h e  i n d u c e d  and  n a t u r a l  t h e r -  
m a l  env i ronmen t  i s  b e t t e r  d e f i n e d .  

A p o l l o  LM Des ign  Approach 

Both p a s s i v e  and a c t i v e  measures  are  used  t o  e s t a b l i s h  
and  c o n t r o l  t e m p e r a t u r e s  o f  t h e  b a s i c  LM v e h i c l e  o v e r  a wide  
r a n g e  o f  e x t e r n a l  t h e r m a l  i n p u t s  and  i n t e r n a l  power l e v e l s .  
T h e r m a l  ex t r emes  e x p e c t e d  d u r i n g  t r a n s l u n a r  f l i g h t  and l u n a r  
s t a y  make these  m i s s i o n  phases c r i t i c a l  t o  t h e  t h e r m a l  d e s i g n .  
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Roll maneuvers ,  f o l l o w i n g  u n r e s t r i c t e d  h o l d  o r i e n t a t i o n s ,  w i l l  
b e  employed d u r i n g  t h e  t r a n s l u n a r  p h a s e  t o  r e d u c e  t e m p e r a t u r e  
d i f f e r e n c e s .  However, t h e  LM t h e r m a l  d e s i g n  must  b e  a d e q u a t e  f o r  
a l a n d i n g  anywhere on t h e  l u n a r  s u r f a c e  w i t h  any i n s o l a t i o n  
d i r e c t i o n .  * The  r e s u l t i n g  ex t remes  , coup led  w i t h  a l t e r n a t i n g  
p e r i o d s  o f  h i g h  and low i n t e r n a l  a c t i v i t y  l e v e l s ,  r e q u i r e  con- 
s i d e r a b l e  f l e x i b i l i t y  i n  t h e  LM t h e r m a l  c o n t r o l  s u b s y s t e m .  

The  b a s i c  t h e r m a l  c o n t r o l  p h i l o s o p h y  s e l e c t e d  b y  t h e  
LM d e s i g n e r s  i s  t o  i s o l a t e  t h e  v e h i c l e  i n t e r i o r  from t h e  e x t e r i o r  
env i ronmen t  b y  p a s s i v e  means and t o  employ a c t i v e  measu res  to r e -  
move e x c e s s  hea t  from t h e  v e h i c l e  i n t e r i o r .  The p a s s i v e  d e s i g n  con- 
sists of  a n  a s semblage  o f  e x t e r n a l  t h e r m a l  s h i e l d s  or s k i n s  w i t h  a n  
u n d e r l y i n g  i n s u l a t i o n  b l a n k e t .  T h e  combina t ion  i s  chosen  t o  main- 
t a i n  i n t e r n a l  s t r u c t u r e  and quipment  t e m p e r a t u r e s  w i t h i n  t h e  
l i m i t s  shown i n  T a b l e  1.(3,47 M a i n t a i n i n g  t e m p e r a t u r e s  w i t h i n  t h e s e  
l i m i t s  r e s t r i c t s  t h e  h e a t  l oads  t h e  a c t i v e  p o r t i o n  o f  t h e  s y s t e m  
i s  r e q u i r e d  t o  h a n d l e .  The s k i n s  must  have  s u f f i c i e n t  t h e r m a l  mass, 
o p t i c a l  p r o p e r t i e s ,  and  t e m p e r a t u r e  c h a r a c t e r i s t i c s  t o  p r o v i d e  an  
a c c e p t a b l e  t e m p e r a t u r e  boundary f o r  t h e  e n v i r o n m e n t a l  e x t r e m e s  , 
i n e l u d i n g  p r o t e c t i o n  f o r  plume impingement  and e n g i n e  f i r i n g s ,  
and to p r o t e c t  t h e  f r a g i l e  i n s u l a t i o n  b l a n k e t .  I n  a d d i t i o n  t o  p ro -  
v i d i n g  t h e r m a l  i s o l a t l o n ,  t h e  i n s u l a t i o n  b l a n k e t  must  b e  c a p a h l e  o f  
v e n t i n g  t h e  l a r g e  volume of a i r  c o n t a i n e d  i n  t h e  LM d u r i n g  t he  f i r s t  
f e w  m i n u t e s  a f t e r  l a u n c h  w i t h o u t  b l a n k e t  damage. When t h e  LM i s  
i n  sp;Lce, i n t e r n a l l y  g e n e r a t e d  gas must b e  f r e e  t o  e s c a p e  t h r o u g h  
t h e  b l a n k e t .  F i g u r e  3 shows a t y p i c a l  c r o s s  s e c t i o n  o f  t h e  p a s s i v e  
p r o t e c t i o n  scheme and i n d i c a t e s  some o f  t h e  measu res  employed t o  
min imize  h e r m a l  l e a k s  where p e n e t r a t i o n s  and s k i n  s u p p o r t s  a r e  
r e q u i r e d . f 5 )  I n s u l a t i o n  and s k i n  v e n t s  a r e  a l s o  i n d i c a t e d .  T e s t  
r e s u l t s  r e p o r t e d  by Grumman A i r c r a f t  and E n g i n e e r i n g  C o r p o r a t i o n  
(GAEC) i n d i c a t e  a n  o v e r a  1 b l a n k e t  e f f e c t i v e  emi t t ance**of  0 . 0 1  
f o r  t h e  LM a s c e n t  s t a g e .  1 3 )  

The a c t i v e  p o r t i o n  of t h e  LM t h e r m a l  c o n t r o l  s u b s y s t e m  
c o n s i s t s  of a c l o s e d  e t h y l e n e  g l y c o l - w a t e r  c o o l a n t  l o o p  which 
removes waste hea t  from t h e  suit and c a b i n  a tmosphe res  v i a  h e a t  
e x c h a n g e r s  and c o n t r o l s  t h e  t e m p e r a t u r e  o f  equipment  t h r o u g h  a 
c o l d p l a t e  ne twork .  The h e a t  i s  t r a n s p o r t e d  by t h e  c o o l a n t  t o  a 
water  s u b l i m a t o r  where  i t  i s  ??Ejected from t h e  v e h i c l e .  Heat 
r e j e c t i o n  by water s u b l i m a t i o n  i s  optimum f o r  t h e  s h o r t  d u r a t i o n  
l u n a r  m i s s i o n  s i n c e  t h e  q u a n t i t y  o f  water  r e q u i r e d  i s  n o t  p ro -  
h i b i t i v e  when b a l a n c e d  a g a i n s t  t h e  r e s u l t a n t  s i m p l i c i t y .  A 
s e c o n d a r y  c o o l a n t  l o o p ,  d e s i g n e d  to h a n d l e  e s s e n t i a l  l o a d s  o n l y ,  
i s  p r o v i d e d  f o r  r e l i a b i l i t y .  Pr imary  h e a t  l o a d s  p r e d i c t e d  f o r  
t h e  A p o l l o  l u n  m i s s i o n  r ange  from 2600 B T U / h r  t o  a p p r o x i m a t e l y  
1 0  , 2 0 0  BTU/hr. BS ) 

* 
A d a y l i g h t  l u n a r  l a n d i n g  i s  p r e s e n t l y  p l a n n e d ;  however ,  t h e  

o r i g i n a l  d e s i g n  o b j e c t i v e  was t o  p e r m i t  e i t h e r  a day or n i g h t  
l a n d i n g  b y  chang ing  o p t i c a l  c o a t i n g s .  

BTU/hr f t 2  4 % %  

- Tout  as d e f i n e d  by Q = ~ E ~ ~ ~ ( T ~ ~  'eff 
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LM-A Requ i remen t s  

The r e q u i r e m e n t s  t h a t  a f f e c t  t h e  LM-A t h e r m a l  d e s i g n  

The l i s t  i s  sum- 
have  b e e n  e x t r a c t e d  from t h e  Env i ronmen ta l  C o n t r o l  Sys tem (ECS) 
r e q u i r e m e n t s  ( 7 )  and l i s t e d  i n  t h e  Appendix.  
m a r i z e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s :  

1. Water s u b l i m a t i o n  w i l l  b e  u s e d  t o  r e j e c t  waste h e a t  
d u r i n g  a l l  pre-ATM a c t i v a t i o n  p h a s e s  ( b o o s t ,  r e n d e z -  
vous ,  and  d o c k i n g )  a s  w e l l  as m e t a b o l i c  l o a d s  d u r i n g  
e x t r a v e h i c u l a r  a c t i v i t y  ( E V A ) .  Dur ing  p r e - l a u n c h ,  
h e a t  w i l l  b e  r e j e c t e d  by GSE F r e o n  e v a p o r a t i o n .  
C o o l i n g  by water s u b l i m a t i o n  w i l l  n o t  b e  p e r m i t t e d  
d u r i n g  a c t i v e  ATM expe r imen t  p e r i o d s .  

2 .  A l l  EVA w i l l  b e  conducted  from t h e  LM-A c a b i n ,  and  
per formed by two men. The maximum EVA d u r a t i o n  w i l l  
b e  3 .5  h o u r s  w i t h  a . 5  h o u r  c o n t i n g e n c y .  The  LM-A 
w i l l  s u p p o r t  a maximum of  3 2  man-hours o f  EVA. 

3 .  The p r imary  mode o f  o p e r a t i o n  w h i l e  docked t o  t h e  OA 
or CM-SM w i l l  b e  "open-ha tch ."  The LM-A w i l l  b e  manned 
by a t  l e a s t  one  crewman w i t h  t h e  e x c e p t i o n  o f  occa-  
s i o n a l  p e r i o d s  and weekly r e c r e a t i o n  and r e l a x a t i o n  d a y s .  

4 .  The  LM-A two-gas a tmosphere  (oxygen and n i t r o g e n )  w i l l  
b e  p r o v i d e d  b y  t h e  CM-SM d u r i n g  normal ,  open-ha tch  
o p e r a t i o n s  u s i n g  f o r c e d  a i r  exchange .  The c a b i n  a tmosphe re  
t e m p e r a t u r e  w i l l  b e  a c t i v e l y  c o n t r o l l e d  b y  t h e  LM-A 
t h e r m a l  c o n t r o l  equipment .  I s o t h e r m a l  g a s  exchange  
be tween  t h e  LM-A and  O A ,  or CM-SM, i s  assumed f o r  de- 
s i g n  p u r p o s e s .  Humidi ty ,  C 0 2 ,  o d o r s ,  and p a r t i c u l a t e  
matter w i l l  b e  c o n t r o l l e d  b y  t h e  OA o r  CM-SM. 

5 .  The on ly  p h y s i c a l  t h e r m a l  c o n t r o l  equipment  i n t e r f a c e  b e t -  
ween t h e  LM-A and  t h e  ATM i s  t h e  ATM c o n t r o l s  and  d i s p l a y s  
console(CDC).  The CDC h e a t  l o a d  w i l l  b e  no g r e a t e r  t h a n  
384 wat ts  peak ( 2 5 7  watts D C ,  35 watts DC g rowth  a l low-  
a n c e ,  and  9 2  watts A C ) .  A c t i v e  c o o l i n g  w i l l  b e  u s e d  t o  
c o n t r o l  t h e  p a n e l  t o  t e m p e r a t u r e s  c o n s i s t e n t  w i t h  NASA 
crew comfor t  c r i t e r i a .  No more t h a n  77 watts ( 2 0 % )  o f  
t h e  C & D  p a n e l  h e a t  load w i l l  b e  t r a n s m i t t e d  t o  t h e  
c a b i n  a tmosphe re .  

6 .  An a c t i v e  h e a t  t r a n s p o r t  ne twork  w i l l  b e  p r o v i d e d  t o  
c o n t r o l  t h e  t e m p e r a t u r e  o f  t h e  LM-A c a b i n ,  e l e c t r o n i c  
equ ipmen t ,  t h e  ATM CDC p a n e l ,  and  t h e  EVA L C G ' s .  Nor- 
m a l l y  t h i s  ne twork  w i l l  t r a n s f e r  h e a t  t o  e x t e r n a l  
r a d i a t o r s  for r e j e c t i o n  t o  s p a c e  e x c e p t  f o r  p e r i o d s  when 
water s u b l i m a t i o n  i s  p e r m i t t e d .  

For t h e  most  p a r t ,  t h e s e  r e q u i r e m e n t s  d e t e r m i n e  t h e  t h e r m a l  d e s i g n  
o f  t h e  LM-A. 
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LM-A P a s s i v e  T h e r m a l  C o n t r o l  

A s  i n  t h e  LM, t h e  p a s s i v e  p o r t i o n  of t h e  LM-A t h e r m a l  
c o n t r o l  s y s t e m  i s  d e s i g n e d  t o  i s o l a t e  t h e  v e h i c l e  i n t e r i o r  f rom 
i t s  e x t e r n a l  env i ronmen t ,  whether n a t u r a l  or i n d u c e d .  Dur ing  
p r e - l a u n c h  o p e r a t i o n s ,  t h e  LM-A i s  i n s i d e  t h e  SLA. an  ambient  
t e m p e r a t u r e  r a n g e  from 30°  t o  100°F i s  p r o b a b l e ; ( $ )  and  t h e  LN-A 
s u r f a c e  t e m p e r a t u r e s  a re  c o n t r o l l e d  b y  ground s u p p o r t  equipment  
(GSE). Dur ing  b o o s t  and u n t i l  w i t h d r a w a l  o f  t h e  LM/ATM from t h e  
SLA, e x t e r i o r  t e m p e r a t u r e s  s h o u l d  n o t  exceed  375OF. The s h o r t  
d u r a t i o n  o f  t h i s  phase  s h o u l d  have  l i t t l e  e f f e c t  on LM-A t empera -  
t u r e s .  

Env i ronmen ta l  f a c t o r s  f o r  t h e  e a r t h  o r b i t  AAP m i s s i o n  are:  
s o l a r ,  e a r t h  a l b e d o ,  and  ea r th  i n f r a r e d  r a d i a t i o n ;  t h e  i n f i n i t e  
hea t  s i n k  of  f r e e  s p a c e ;  i n f r a r e d  i n t e r c h a n g e  w i t h  o t h e r  components 
o f  t h e  o r b i t a l  a s s e m b l y  or CM-SM and ATM; and r e a c t i o n  c o n t r o l  
s y s t e m  plume impingement .  GAEC has computed t h e  a p p r o x i m a t e  hea t  
f l u x  i n c i d e n t  on t h e  LM-A e x t e r i o r  due t o  t h e  s u n ,  e a r t h  a l b e d o ,  
and I R  eybT;ion, based on  a c u b i c  r e p r e s e n t a t i o n  of  t h e  v e h i c l e  
s u r f a c e .  Maximum and minimum o r b i t a l  a v e r a g e  h e a t  f l u x e s  
i n c i d e n t  on t h e  s i x  s ides  a re  shown i n  F i g u r e s  4 and 5 f o r  b o t h  
s o l a r  a n d  l o c a l  v e r t i c a l  f l i g h t  o r i e n t a t i o n s  and as a f u n c t i o n  
o f  t h e  s o l a r  v e c t o r / o r b i t  p l a n e  i n c l i n a t i o n ,  8, .  Although t h e  
a n a l y s i s  does  n o t  i n c l u d e  e f f e c t s  o f  s h a d i n g  b y  o t h e r  pa r t s  o f  t h e  
OA or CM-SM and r a d i a n t  exchange be tween s u r f a c e s ,  t h e  maximum and 
minimum f l u x  v a l u e s  a r e  c o m f o r t a b l y  w i t h i n  t h e  r a n g e  t h a t  would 
e x i s t  on t h e  l u n a r  s u r f a c e  f o r  t h e  A p o l l o  LM. 

The b a s i c  Apo l lo  LM p a s s i v e  sys t em i s  t h u s  r e t a i n e d  b y  
t h e  LM-A.  The LM-A d e s i g n  d i a g r a m e d  i n  F i g u r e  6 ,  which c o r r e s -  
ponds c l o s e l y  t o  t h e  LM d e s i g n  o f  F i g u r e  3,**shows t h e  s k i n  and 
i n s u l a t i o n  b u i l d u p  f o r  low, medium and h i g h  t e m p e r a t u r e  s u r f a c e s .  
The number o f  l a y e r s  of  a l u m i n i z e d  H - f i l m  and m y l a r  depends on 
t h e  t e m p e r a t u r e  e x p e c t e d .  The n i c k e l  f o i l  l aye r s ,  s e p a r a t e d  
by i n c o n e l  mesh s p a c e r s ,  and t h e  o u t e r m o s t  i n c o n e l  s k i n ,  
which c a n  t o l e r a t e  h i g h e r  t e m p e r a t u r e s ,  a r e  u s e d  i n  areas  
where plume impingement i s  e x p e c t e d .  Tempera tu res  f o r  
t hese  s u r f a c e s  are  l i m i t e d  b y  a r a d i a t i o n  c o a t i n g  o f  s i l i c o n e  

1c 
The e x t e r n a l  c o n f i g u r a t i o n  o f  t h e  LM-A has b e e n  c o n t i n u a l l y  

e v o l v i n g  d u r i n g  t h e  d e s i g n  p h a s e ,  and  i t s  r e p r e s e n t a t i o n  as a cube  
f o r  i n c i d e n t  f l u x  computa t ions  has been  a p r a c t i c a l  and r e a l i s t i c  
a p p r o x i m a t i o n  f o r  t h i s  p h a s e .  A more d e t a i l e d  a n a l y s i s  r e c e n t l y  
c o m p l e t e d  by GAEC u s e s  a more s o p h i s t i c a t e d  model and  i n c l u d e s  
shadowing e f f e c t s .  These da ta  w i l l  b e  a v a i l a b l e  a t  t h e  PDR.  

* *  
The b a s i c  LM d e s i g n  i s  d e s c r i b e d  i n  more d e t a i l  i n  R e f e r e n c e  5 .  
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p a i n t  which has a s o l a r  a b s o r p t i v i t y  t o  e m i s s i v i t y  r a t i o ,  
c l o s e  t o  u n i t y . *  

a s / € ,  

For non-plume impingement e x t e r i o r  s u r f a c e s ,  t h e  4 or 8 
m i l  aluminum s k i n  i s  a n o d i z e d .  The  r e s u l t i n g  % / E  r a t i o ,  be tween  
1 . 0  and 1 . 5 ,  min imizes  t h e  LM-A hea t  loss d u r i n g  t h e  e x t e n d e d  e a r t h  
o r b i t  m i s s i o n  w i t h o u t  c a u s i n g  e x c e s s i v e  s k i n  t e m p e r a t u r e s  d u r i n g  
t h e  pre-docked  p h a s e  when t h e  i n c i d e n t  f l u x  i s  somewhat g r e a t e r  
t h a n  shown i n  F i g u r e s  4 and 5.** S u r f a c e  c o a t i n g s  a r e  g i v e n  i n  T a b l e  2 .  

The p a s s i v e  sys t em d e s i g n  has n o t  b e e n  c o r p l e t e d  i n  a l l  
d e t a i l s  due  t o  t h e  c o n t i n u e d  change i n  t h e  LM-A e x t e r n a l  c o n f i g u r a -  
t i o n  d u r i n g  t h i s  d e s i g n  p e r i o d .  When t h e  geometry  i s  f i r m ,  a more 
d e t a i l e d  e n v i r o n m e n t a l  a n a l y s i s  w i l l  b e  pe r fo rmed  and t h e  d e s i g n  
d e t a i l s  comple t ed .  

The RCS plume d e f l e c t o r s  are  a l s o  a p r o p e r  p a r t  of t h e  
LM-A p a s s i v e  t h e r m a l  s y s t e m .  The d e f l e c t o r s  a r e  shown i n  
F i g u r e  1 and a re  a r r a n g e d  t o  d i r e c t  t h e  -X R C S  e x h a u s t s  away 
from t h e  ATM.***During unmanned r endezvous  and d o c k i n g ,  t h e  
f o l d e d  ATM s o l a r  p a n e l s  are p a r t i c u l a r l y  v u l n e r a b l e  t o  h e a t i n g  
and c o n t a m i n a t i o n  b y  t h e  e x h a u s t  gasses .  

The d e f l e c t o r s  a r e  l i m i t e d  i n  s i z e  s i n c e  t h e y  must f i t  
i n s i d e  t h e  SLA e n v e l o p e  d u r i n g  l a u n c h .  Maximum e f f e c t i v e n e s s  
r e s u l t s  when t h e  e x h a u s t s  a r e  d e f l e c t e d  c l o s e  t o  t h e  n o z z l e .  T h i s ,  
however ,  r e q u i r e s  t h e  u s e  o f  columbium w i t h  a ce ramic  c o a t i n g  t o  
w i t h s t a n d  t h e  high e x h a u s t  t e m p e r a t u r e s .  The p r e s e n t  d e s i g n  i s  
s h a p e d  l i k e  a s e c t i o n  o f  a c o n i c  f r u s t u m .  

** .42 f .03 
= .35  f .05 

*** 
S e v e n t e e n  RCS f i r i n g  p e r i o d s  g rea t e r  t h a n  5 s e c o n d s  a re  

p l a n n e d  d u r i n g  unmanned rendezvous  and d o c k i n g .  The t o t a l  RCS 
f i r i n g  t i m e  i s  a p p r o x i m a t e l y  4 m i n u t e s .  
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LM-A A c t i v e  Thermal  Con t ro l /Env i ronmen ta l  C o n t r o l  

The r e q u i r e m e n t s  f o r  EVA LCG c o o l i n g ,  t h e  r e s t r i c t e d  
u s e  o f  water s u b l i m a t i o n  a s  a heat  s i n k ,  t h e  a l m o s t  c o m p l e t e  
LM-A t h e r m a l  independence  from t h e  o t h e r  AAP modules ,*  and 
unmanned r endezvous  and docking  ( U R D )  have  r e s u l t e d  i n  e x t e n -  
s i v e  m o d i f i c a t i o n s  t o  t h e  o r i g i n a l  A p o l l o  LM a c t i v e  t h e r m a l  
c o n t r o l .  The e n v i r o n m e n t a l  c o n t r o l  subsys t ems  (ECS) i n v o l v e d  are:  

1. Oxygen Supply  and Cab in  P r e s s u r e  C o n t r o l  S e c t i o n  
(OSCPCS)** 

2 .  Atmosphere Exchange and Cab in  V e n t i l a t i o n  S e c t i o n  
( AECVS ) 

3. Heat  T r a n s p o r t  S e c t i o n  (HTS)  

4 .  Water Management S e c t i o n  (WMS) 

5 .  Cold P l a t e  S e c t i o n  

6 .  L i q u i d  Cooled Garment S u p p o r t  S e c t i o n  ( L C G S S ) .  

OSCPCS 

The oxygen s u p p l y  and c a b i n  p r e s s u r i z a t i o n  c o n t r o l  
s e c t i o n  f u n c t i o n a l  s c h e m a t i c  i s  shown i n  F i g u r e  7 .  Dur ing  
unmanned r endezvous  and dock ing ,  i t s  p u r p o s e  is  t o  s t o r e  and 
r e g u l a t e  oxygen t o  p r o v i d e  a r e f e r e n c e  p r e s s u r e  t o  t h e  W M S  f o r  
water s u b l i m a t o r  c o n t r o l .  The  two g a s e o u s  02 a c c u m u l a t o r s  ( t y p e  
319)  are  cha rged  t o  850 ps i a ,  minimum, and  accumula t e  a p p r o x i m a t e l y  
1 4  l b s  e a c h .  R e g u l a t i o n  and f l o w  t o  t h e  " R e f .  P r e s s u r e  S o u r c e  
A s s e m b l y "  i s  shown. 

Af t e r  dock ing ,  t h e  s e c t i o n  a c c u m u l a t e s  and r e g u l a t e s  0 2  
t r a n s f e r r e d  from t h e  CM-SM f o r  u s e  d u r i n g  EVA and f o r  c a b i n  re- 
p r e s s u r i z a t i o n  a f t e r w a r d s .  The t r a n s f e r  r a t e  from t h e  CM-SM i s  
1 5  l b s / h r  and oxygen i s  used  d i r e c t l y  f rom t h e  CM-SM s u p p l y  u n l e s s  
t h i s  demand i s  exceeded .  The s e c t i o n  c a p a c i t y  i s  s i z e d  t o  p r o v i d e  
f o r  a 3 . 5  h o u r ,  2 man EVA a t  8 lbs /hr /man,  p l u s  a 0 . 5  h o u r  t o r n  
s u i t  c o n d i t i o n  a t  8 l b s / h r ,  and a s u b s e q u e n t  8 l b  c a b i n  r e p r e s s u r i -  
z a t i o n .  

* 
Over t h e  p a s t  s e v e r a l  months ,  a number of  s t u d i e s  have  b e e n  

made t o  d e t e r m i n e  t h e  d e s i r a b i l i t y  o f  a dormant  LM-A, i . e . ,  thermal  
c o n t r o l  p r o v i d e d  e n t i r e l y  or p a r t i a l l y  b y  t h e  a c t i v e  CM-SM s y s t e m .  
A s  b a s e l i n e d ,  t h e  LM-A i s  t h e r m a l l y  i n d e p e n d e n t  of t h e  OA o r  CM-SM 
s y s t e m s  e x c e p t  f o r  l a t e n t  h e a t  removal ,  which o c c u r s  v i a  f o r c e d  
a i r  exchange  d u r i n g  normal  m i s s i o n  o p e r a t i o n s .  

** 
The OSCPCS i s  n o t  d i r e c t l y  i n v o l v e d  i n  t h e r m a l  c o n t r o l  b u t  

i s  i n c l u d e d  here  f o r  c o m p l e t e n e s s .  
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Flow p a t h s ,  r e g u l a t i o n ,  check  v a l v e s ,  e t c . ,  a re  shown 
on t h e  s c h e m a t i c  t o  s u p p l y  t h e  p r e s s u r i z a t i o n  c o n t r o l  u n i t  ( P C U )  
d u r i n g  EVA, f o r  t h e  p r e - b r e a t h i n g  masks p r i o r  t o  EVA, and f o r  
s u b s e q u e n t  c a b i n  r e p r e s s u r i z a t i o n .  The P C U ' s  a re  open s y s t e m s ;  
t h a t  i s ,  t h e r e  i s  no 0 2  r e t u r n .  

AECVS 

The a tmosphe re  exchange and c a b i n  v e n t i l a t i o n  s e c t i o n  
c o n s i s t s  of a n  exchange  d u c t  and d i s t r i b u t i o n  plenum. Af te r  
d o c k i n g ,  t h e  d u c t  i s  i n s t a l l e d  by t h e  crew t o  c o u p l e  a tmosphe re  
from t h e  OA or CM-SM t o  t h e  plenum f o r  d i s c h a r g e  i n t o  t h e  LM-A 
c a b i n .  The a r r a n g e m e n t  i s  i n d i c a t e d  i n  F i g u r e  8 .  

HTS, CPS, and HRS 

Excess  hea t  i s  removed from a l l  e l e c t r i c a l  and e l e c t r o n i c  
equ ipmen t  b y  t h e  heat t r a n s p o r t  s e c t i o n , w h i c h  u s e s  a g l y c o l - w a t e r  
m i x t u r e  as t h e  t r a n s f e r  c o o l a n t .  The  h i g h  s p e c i f i c  heat  c o o l a n t  
i s  c o u p l e d  t o  t h e  hea t  s o u r c e s  b y  t h e  c o l d p l a t e  s e c t i o n .  Dur ing  
p r e l a u n c h  and b o o s t ,  h e a t  i s  t r a n s f e r r e d  from t h e  c o o l a n t  t o  two 
GSE f r e o n  b o i l e r s  ( t y p e  2 2 1 )  . f  A water s u b l i m a t o r  ( t y p e  2 0 9 )  i s  
a c t i v a t e d  d u r i n g  a s c e n t  ( a p p r o x i m a t e l y  1 2 0 , 0 0 0  f e e t ) .  The s e c t i o n  
i s  shown i n  F i g u r e  8 .  

Af te r  r endezvous  and d o c k i n g ,  t h e  hea t  r e j e c t i o n  s e c t i o n  
i s  a c t i v a t e d  by t h e  c rew.  The HRS removes hea t  f rom t h e  HTS v i a  
two t r a n s p o r t  f l u i d  heat exchange r s  ( t y p e  204)  and t r a n s p o r t s  
i t  t o  a n  e x t e r n a l  r a d i a t o r  network f o r  r e j e c t i o n  from t h e  v e h i c l e .  
The HRS u s e s  a low f r e e z i n g  p o i n t  (-8OoF),  low v i s c o s i t y ,  f l u o r o -  
c a r b o n  (FC-75) as t h e  working  c o o l a n t .  R e g e n e r a t i o n  and by-pass  
c o n t r o l s  ( c o o l a n t  r e g e n e r a t i v e  hea t  e x c h a n g e r ,  t y p e  2 0 4  and 
t e m p e r a t u r e  c o n t r o l  v a l v e ,  F i g u r e  8 )  a r e  used  t o  p r e v e n t  s t a g n a t i o n  
o f  t h e  g l y c o l - w a t e r  c o o l a n t  ( f r e e z i n g  p o i n t  O'F) i n  t h e  HTS l o o p  
hea t  e x c h a n g e r s .  C o o l a n t  r e c i r c u l a t i o n  assemblies ( t y p e  2 9 0 )  a re  
u s e d  i n  b o t h  l o o p s .  

A f t e r  HRS a c t i v a t i o n  and  d u r i n g  s u b s e q u e n t  normal  o p e r a -  
t i o n s ,  t h e  ATM c o n t r o l s  and d i s p l a y  c o n s o l e  ( C D C )  and t h e  c a b i n  
hea t  e x c h a n g e r  ( t y p e  101) a r e  added t o  t h e  HTS l o o p  hea t  l o a d s .  
The c a b i n  a tmosphe re  i s  c o n t r o l l e d  t o  70' k 5OF t h r o u g h  t h i s  
e x c h a n g e r .  

* 
The t y p e  numbers are  g i v e n  t o  h e l p  i d e n t i f y  t h e  components 

on t h e  f u n c t i o n a l  s c h e m a t i c s .  F o r  f u r t h e r  o p e r a t i o n  and pe r fo rmance  
d e t a i l s ,  r e f e r  t o  r e f e r e n c e  6 .  
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The e x t e r n a l  r a d i a t o r s  are  composed o f  f o u r  s e p a r a t e  
p a n e l s  l o c a t e d  f o r e  and a f t  o f  t h e  LM-A. The f o r w a r d  p a n e l s ,  
l o c a t e d  on e i t h e r  s i d e  o f  t h e  fo rward  h a t c h ,  have  a n  a ea o f  
1 0  f t 2  e a c h .  The two a f t  p a n e l s  have  an  area o f  40 ft’ e a c h .  
The  l o w e r  a f t  p a n e l  i s  movable p r i o r  t o  l a u n c h  t o  p e r m i t  a c c e s s  
t o  equipment  ( E R A  r a c k )  b e h i n d  i t .  R a d i a t o r  by-pass  and r egen-  
e r a t i v e  c o n t r o l s  a r e  u s e d  t o  l i m i t  t h e  HRS f l u i d  t e m p e r a t u r e  a t  
low hea t  l o a d s .  Expec ted  l o a d s  are  summarized i n  T a b l e  3. The 
HTS s e c o n d a r y  l o o p  components a r e  e x p e c t e d  t o  b e  d e l e t e d  ( F i g u r e  8 )  
s i n c e  r e q u i r e m e n t s  no l o n g e r  e x i s t  f o r  i t s  o p e r a t i o n .  

WMS 

The w a t e r  management s e c t i o n  s t o r e s ,  p r e s s u r i z e s ,  and 
d i s t r i b u t e s  water as needed  d u r i n g  t h e  LM-A m i s s i o n .  A f u n c t i o n a l  
s c h e m a t i c  i s  shown i n  F i g u r e  9 .  

P r i o r  t o  ATM and HRS a c t i v a t i o n ,  t h e  WMS s u p p l i e s  w a t e r  
t o  t h e  LM-A water s u b l i m a t o r  ( t y p e  2 0 9 )  f o r  hea t  r e j e c t i o n .  Dur- 
i n g  EVA, w a t e r  i s  a l s o  s u p p l i e d  t o  t h e  LCG s u b l i m a t o r s  t o  r e j e c t  
t h e  m e t a b o l i c  l o a d .  

Water i s  s t o r e d  i n  4 LM a s c e n t  s t a g e  water t a n k s  
( t y p e  4 0 9 )  which h a v e  a u s a b l e  c a p a c i t y  of 40 l b s  e a c h .  The 
t a n k s  c o n s i s t  of a n  aluminum o u t e r  s h e l l ,  s t a n d p i p e ,  and a 
s i l i c o n e  r u b b e r  b l a d d e r .  Water i s  c o n t a i n e d  i n  t h e  b l a d d e r  and 
t h e  volume be tween t h e  s h e l l  and b l a d d e r  i s  c h a r g e d  w i t h  n i t r o g e n  
a t  50 p s i a .  The t a n k s  a re  cha rged  b e f o r e  l a u n c h  and a re  s i z e d  
t o  s u p p l y  a l l  w a t e r  r e q u i r e m e n t s .  The c a p a b i l i t y  e x i s t s  f o r  
r e c h a r g e  from t h e  CM-SM a t  20 t o  2 5  p s i a ;  however ,  no  CM-SM r e c h a r g e  
r e q u i r e m e n t  i s  c o n t a i n e d  i n  t h e  b a s e l i n e .  

Water i s  s u p p l i e d  b y  t h e  water module ( t y p e  4 9 0 )  a t  a 
p r e s s u r e  o f  . 5  t o  1 . 0  p s i  above c a b i n  a tmosphe re  p r e s s u r e .  The 
f low l i m i t e r s  ( t y p e  4 2 5 )  are used  t o  a t t e n u a t e  t h e  i n i t i a l  water 
s u r g e  t o  t h e  s u b l i m a t o r s  when t h e  s h u t - o f f  v a l v e s  ( t y p e  4 2 0 )  a re  
opened .  

LCGSS 

The l i q u i d  c o o l e d  garment  s u p p o r t  s e c t i o n  c o n t r o l s  water 
f l o w  and t e m p e r a t u r e  t o  t h e  LCG and  i s  shown i n  F i g u r e  1 0 .  Two 
i n d e p e n d e n t  ne tworks  a re  p r o v i d e d  t o  p r e v e n t  b o t h  EVA crewmen 
from b e i n g  a f f e c t e d  by a s i n g l e  f a i l u r e .  Water i s  c i r c u l a t e d  b y  
LM r e c i r c u l a t i o n  a s s e m b l i e s  ( t y p e  2 9 0 )  i n  e a c h  l o o p .  Heat i s  
r e j e c t e d  by e v a p o r a t o r s  ( t y p e  2 2 4 ) .  The LCG by -pass  v a l v e s  and 
hea te r s  p e r m i t  o p e r a t i o n  a f t e r  EVA o p e r a t i o n s  t o  d r y  o u t  t h e  
e v a p o r a t o r s .  Water  i s  p r o v i d e d  f rom t h e  WMS. 
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The g e n e r a l  a r r angemen t  of  t h e  ECS components i s  shown 
An o p e r a t i o n a l  summary of t h e  ECS s e c t i o n s  i s  i n  F i g u r e  11. 

g i v e n  i n  T a b l e  4 .  

1022-DPW-ms 

A t t a c h m e n t s .  

GdY d 4 d  
D. P .  Woodard 
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A P P E N D I X  

LM-A Thermal  C o n t r o l  Requi rements  

R e f e r e n c e  ARP 254-1 Rev. E ,  3 J u l y  1 9 6 8  

A .  E s t a b l i s h e d  Requ i remen t s  

1. Dur ing  normal  m i s s i o n  o p e r a t i o n s  w h i l e  docked t o  
t h e  OA o r  CSM, LM-A i s  manned by a t  l e a s t  one  man 
w i t h  t h e  e x c e p t i o n  o f  o c c a s i o n a l  p e r i o d s .  About 
one o u t  o f  e v e r y  s e v e n  ( 7 )  d a y s  may be r e s e r v e d  
f o r  crew r e c r e a t i o n  and r e l a x a t i o n  when t h e  LM-A 
would be unoccupied  for a c o m p l e t e  d a y .  

2 .  The p r i m a r y  mode of  o p e r a t i o n  i s  "open h a t c h "  
w h i l e  docked  t o  t h e  OA or CSM d u r i n g  t h e  expe r imen t  
p e r i o d .  

3. Dur ing  "open h a t c h "  o p e r a t i o n s ,  t h e  LM-A w i l l  b e  
p r o v i d e d  a c o n t r o l l e d  two-gas (oxygen and  n i t r o g e n )  
or p u r e  oxygen a tmosphe re .  The O A  or CSM s h a l l  
remove m e t a b o l i c  c a r b o n  d i o x i d e ,  e x c e s s  water 
v a p o r ,  o d o r s  and p a r t i c u l a t e  matter from t h e  LM-A 
a tmosphe re  d u r i n g  "open h a t c h "  o p e r a t i o n s  by  
f o r c e d  a tmosphere  exchange .  Dur ing  EVA o p e r a t i o n s  
t h e  LM-A s h a l l  p r o v i d e  p u r e  oxygen o n l y  t o  m a i n t a i n  
c a b i n  and  s p a c e s u i t  p r e s s u r e .  

4 .  The CSM/LM-A i n t e r f a c e s  f o r  t h e  Docked CSM-LM/ATM 
M i s s i o n  a r e  i d e n t i c a l  t o  OA-LM/ATM B a s e l i n e  M i s s i o n  
i n t e r f a c e s .  

5 .  A l l  EVA i s  performed b y  two men. Maximum EVA 
d u r a t i o n  w i l l  be 3 1 / 2  h o u r s  w i t h  a 1 / 2  hour  
c o n t i n g e n c y .  

EVA s h a l l  be  f r o m  t h e  LM-A c a b i n  w i t h  LM-A s u p p o r t e d  
P C U / L C G  w i t h  u m b i l i c a l s .  ( v e r b a l  c o n v e r s a t i o n  w i t h  
R .  L .  F r o s t )  

6. 
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7.  There a re  no  p h y s i c a l  ECS i n t e r f a c e s  be tween t h e  
LM-A and t h e  ATM e x c e p t  f o r  t h e  GFE ATM C & D  p a n e l  
i n t e r f a c e s  n o t e d  h e r e i n .  

8 .  ATM c o n t r o l s  and d i s p l a y  c o n s o l e  hea t  l o a d s  s h a l l  b e  
no g r e a t e r  t h a n  384 watts peak ,  e x c l u s i v e  of  t h e  LM-A 
i n v e r t e r ,  L i g h t i n g  C o n t r o l  Assembly and  
d i s t r i b u t i o n  l o s s e s .  T h i s  maximum $84 wat t  
power l e v e l  s h a l l  c o n s i s t  o f  no more t h a n  257 
wat ts  DC w i t h  a 35 w a t t  DC growth  a l l o w a n c e  
and no more than  9 2  watts  A C .  A c t i v e  c o o l i n g  
s h a l l  b e  p r o v i d e d  for t h e  c o n s o l e  t o  t h e  e x t e n t  
t h a t :  

( a )  No more t h a n  77 watts o f  ATM c o n s o l e  hea t  
l o a d  i s  t r a n s m i t t e d  t o  t h e  UVI-A c a b i n  
a tmosphe re .  

( b )  ATM c o n s o l e  p a n e l  t e m p e r a t u r e s  a re  c o n t r o l l e d  
t o  l e v e l s  t h a t  are  c o n s i s t e n t  w i t h  NASA crew 
comfor t  c r i t e r i a .  

9 .  The LM-A ECS c o n f i g u r a t i o n  s h a l l  s u p p o r t  t h e  
l a u n c h ,  rendezvous  and remote  d o c k i n g  o f  a n  a c t i v e ,  
unmanned LM-A a s  f o l l o w s :  

( a )  F reon  c o o l i n g  d u r i n g  p r e l a u n c h  o p e r a t i o n s .  

( b )  A c t i v a t i o n  of  water s u b l i m a t o r  d u r i n g  b o o s t  
phase .  

( c )  S u b l i m a t o r  c o o l i n g  from s u b l i m a t o r  a c t i v a t i o n  
t h r o u g h  r endezvous  and d o c k i n g .  

1 0 .  The ECS s h a l l  a c t i v e l y  c o n t r o l  t h e  t e m p e r a t u r e  o f  
t h e  LM-A c a b i n  d u r i n g  a l l  manned o p e r a t i o n s .  The 
t e m p e r a t u r e  o f  t h e  c a b i n  a tmosphe re  s h a l l  b e  
c o n t r o l l e d  t o  l e v e l s  t h a t  a re  c o n s i s t e n t  w i t h  
NASA crew comfor t  c r i t e r i a  as d e f i n e d  b y  t h e  
MSC Biomed ica l  Resea rch  O f f i c e .  I s o t h e r m a l  gas 
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B. 

C .  

11. 

12. 

1 3  

14. 

1 5  

exchange  between t h e  LM-A and MDA/AM o r  CSM s h a l l  
be assumed f o r  d e s i g n  p u r p o s e s .  

The LM-A ECS s h a l l  p r o v i d e  f o r  t h e  t h e r m a l  c o n t r o l  of 
LM-A e l e c t r o n i c  equipment  and ATM C & D  p a n e l  f o r  
a l l  a c t i v e  m i s s i o n  p h a s e s .  

The LM-A ECS s h a l l  b e  c a p a b l e  of  r e j e c t i n g  a l l  LM-A 
heat l o a d s  w i t h o u t  water supp lemen t  d u r i n g  ATM 
data  t a k i n g  o p e r a t i o n s  when LM/ATM i s  docked t o  
t h e  O A  or CSM. 

The LM-A ECS s h a l l  c o n t r o l  t h e  t e m p e r a t u r e  of w a t e r  
e n t e r i n g  t h e  L i q u i d  Cooled Garment (LCG)  t o  between 
40 and 45OF d u r i n g  a l l  EVA r e q u i r i n g  e g r e s s  f rom 
t h e  LM-A c a b i n .  

The LM-A r a d i a t o r  f l u i d  s h a l l  b e  FC-75. 

The water management equipment  s h a l l  s t o r e ,  cond i -  
t i o n  ( p r e s s u r e  r e g u l a t i o n )  and d i s t r i b u t e  water as 
f o l l o w s  : 

( a )  To LM-A w a t e r  s u b l i m a t o r s  d u r i n g  m i s s i o n  p h a s e s  
p r i o r  t o  ATM a c t i v a t i o n  for r e j e c t i o n  o f  a l l  
LM-A waste h e a t .  

( b )  To t h e  LM-A LCG water s u b l i m a t o r s  f o r  r e j e c t i o n  
o f  m e t a b o l i c  h e a t  d u r i n g  a maximum of 32 man- 
h o u r s  of LM-A s u p p o r t e d  EVA. 

Assumed Requ i remen t s  

None 

Undef ined  Requi rements  

1. Detai led d e f i n i t i o n  of ATM C & D  p a n e l  a c t i v e  c o o l i n g  
c o n f i g u r a t i o n  f o r  t h e r m a l  c o n t r o l  a n a l y s e s  t o  
minimize  impact  on c a b i n  t e m p e r a t u r e  and crew 
comfor t  i s  r e q u i r e d .  
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2 .  

3 .  

4. 

5 .  

6. 

Definition of the temperatures and emissivities of 
all surfaces of the OA which are viewed by LM-A is 
required. 

ATM experiment constraints on water sublimation 
during E V A  require definition. 

PCU supported E V A  equipment and egress procedures 
require definition. 

Procedures and requirements to verify proper operation 
of all LM-A E V A  life support systems prior to LM-A 
depressurization need definition. 

The requirement for LM-A cabin and tunnel repressuriza- 
tion from 0 to 3 psia in one (1) minute from the LM-A 
accumulator system and/or C S M  or MDA (Ref. 44) cannot 
be met without redesign. The requirement therefore 
needs resolution. 



T a b l e  1 

LM Tempera ture  L i m i t s  

I n t e r n a l  S t r u c t u r e  

P r o p  e l l a n t  

Ba t t e r i e s  

Cabin  Oxygen 

Water 

E x t e r n a l  S k i n s  

30 t o  13OoF 

40 t o  ~ O O F  

30 t o  130°F 

60 t o  9OoF 

32 t o  l O O O F  

-350 to +35O0F 



T a b l e  2 

C o a t i n g  

Pyromark 

Vacuum D e p o s i t e d  
A 1  on  H-Fllm 

S i l i c i d e  

Moly D i s i l i c i d e  

Anodized Aluminum 

LM-A E x t e r n a l  C o a t i n g s  

a 
S- 

+ .12 
- . o  .18 

. 8 a  f .03 

15 

. 8  

.9 f . 03  

.42 k .03 

E 

. 8 5  f .05 

.82 f .02 

- 0 5  

. 8  

.45 f . 0 4  

.35 2 . 0 5  

L o c a t i o n  

R a d i a t o r s  

RCS C l u s t e r  Mount, some 
areas  o f  h i g h  plume i m -  
p ingement  TBD. 

Bottom o f  Mid-Body 

Plume D e f l e c t o r s  

RCS E n g i n e s  

B a l a n c e  o f  V e h i c l e  
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Cabin  H/X Load 

LM-A A c t i v e  System Heat Loads 

ATM C & D  P a n e l  

Bas e l i n e  Miss i o n  

T y p i c a l  Dag EVA Day 

wat ts  watts 
3 49 101 

223 1 7  

1 0 0  56 E s s e n t i a l  C&D S u p p o r t  Equip.  

LM-A Communications and 
I n s t r u m e n t a t i o n  39 39 

Pumps 3 1  31 

LCG M e t a b o l i c  0 

742 
- 1170 

1414 

A l t e r n a t e  M i s s i o n  

watts 
353 

2 2 3  

100 

watts  
1 0 6  

17 

31 31  
- 0 1170 
812 1485 
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FIGURE 2. LM2 CONFIGURATION 
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